In our research program for discovering novel skin-whitening materials, screening of extracts from flowers of some Prunus species was performed using an anti-tyrosinase assay. Among the tested plants, the flowers of P. persica showed the most potent inhibitory activity. In addition, P. persica also showed suppression of melanogenesis in B16 rat melanoma cells. The active principles of tyrosinase inhibition and suppression of melanogenesis were revealed to be an afzelin (3-O-α-L-rhamnosylkaempferol) and a flavanone, naringenin. The mechanism of the anti-melanogenesis effect of these two compounds was disclosed, for the first time, as the suppression of the expression of tyrosinase protein, which was controlled by the inhibition of phosphorylation of p38 MAPK. These findings show that these compounds could be candidates for the novel molecular target for a skin-whitening agent.
Tyrosinase has been recognized as a key enzyme for the production of melanin, which is a colored protein that can cause melasma. Melasma can be considered as a self-defense reaction to avoid dermatitis and/or inflammation. However, this reaction would be an undesirable effect from a cosmetic viewpoint due to a bright complexion [1] . Skin-whitening has been paid much attention by women and has been the most important issue in the cosmetic area. Therefore, the development of skin-whitening agents has been urgently performed both in industrial and academic research areas. Various skin-whitening agents have been widely developed based on their inhibitory activity against tyrosinase and blended into many cosmetic products, i.e. sunscreens, creams and milky lotions. Some effective agents for skin-whitening have been discovered from natural product resources including hydroquinone, ascorbic acid, kojic acid and arbutin; these are recognized as safe and effective agents due to their natural origins. Among these agents, arbutin has been used as a strong skin-whitening agent. This compound was originally discovered from the leaves of Arctostaphylos uva-ursi [2] . This prompted us to screen another 5 Arctostaphylos species for anti-tyrosinase activity to discover A. patula to be the most effective agent, and which is stronger than A. uva-ursi; the others also possessed fairly strong activities [2] . Umbelliferae species also demonstrated anti-tyrosinase activities showing that they can be effective skin-whitening agents. Recently, we also reported that the fruit of Citrus hassaku, one of the most popular citrus fruits in Japan, possesses inhibitory activity on tyrosinase and suppressive activity against melanin production in B16 rat melanoma cells [3] . In another report, seeds from a tropical plant, "noni" (Morinda citrifolia), showed skin-whitening and prevention of wrinkles effects [4a-c] . Thus this plant was expected to be a promising skincare agent. Moreover, a natural plant resource used as a food may be a rich resource for a novel, safe and effective skin-whitening agent.
Among the continuing research program for discovering novel skinwhitening agents, we focused on Prunus plants in our possession in the herbal garden of Kinki University. Screening of the extracts from leaves of 38 Prunus species was performed to reveal that the extracts of P. yedoensis and P. zippeliana possessed potent activities showing 80.6 and 79.3% inhibition at 500 μg/mL [4d], respectively. In addition, the cortex of P. yedoensis also showed 70.1% inhibition of tyrosinase. In these circumstances, we focused on the flowers of Prunus species. Flowers are known as a rich source of bioactive compounds [5a,b] and even as a multifunctional food. Although flowers of Prunus species have been extensively studied for their chemical constituents, no results on either their anti-tyrosinase activity or suppressive effect on melanin production have been reported. In this current work, screening of 5 Prunus species was performed for anti-tyrosinase and anti-melanin production activities. Among the tested plants, P. persica showed the most potent activity and its active constituents were identified. Furthermore, a preliminary investigation of the mechanism on the signaling pathway of tyrosinase expression was performed.
All the Prunus extracts tested showed significant inhibitory activity in the anti-tyrosinase assay ( Table 1 ). Among them, P. persica (PP)-ext was the most potent (46.0 and 52.1% at 200 and 500 μg/mL, respectively). This result shows that flowers as well as leaves and barks of Prunus species might be promising agents for skin-whitening.
As a result of the tyrosinase inhibition, the effects of the extracts on melanin production in murine B16 cells were tested. Although tyrosinase has been known as the key enzyme in melanogenesis, auto-oxidation in cells has been recognized as another important factor in melanogenesis. Melanogenesis in B16 cells can be directly evaluated as a combination of various related biosyntheses using α-MSH (α-melanocyte stimulating hormone) as a stimulant of melanogenesis. α-MSH is a hormone which enhances melanogenesis when α-MSH binds to its receptor and activates phosphorylation of p38 while up-regulating phosphorylation of P70-S6K (ribosomal protein S6 kinase) and Erk (extracellular signal-regulated kinase). P. yedoensis (PY)-ext showed the most potent activity of the extracts tested (Table 2) . It reduced the melanin content from 39.8±2.6 (vehicle control) to 24.2±2.0 and 11.7±0.7 at 100 and 500 μg/mL, respectively, without apparent NPC Natural Product Communications 2014 Vol. 9 No. 2 185 -188 cytotoxicity. PP-ext and P. mume (PM)-ext showed moderate suppressive activity and P. amygdalus (PAY)-ext weak suppressive activity at 500 μg/mL. However, the activity might be attributed to weak cytotoxicity, as 14.3% of the cells were killed in the assay. Thus cytotoxicity of this extract to humans is a possibility and so might not be suitable for development as a skin-whitening agent. P. ameniaca (PAM)-ext showed no effect at the tested concentrations of 100 and 500 μg/mL. As mentioned above, anti-oxidative activities are another important factor for melanogenesis. Therefore, as one indicator of antioxidative activity, 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activities of the extracts of Prunus species were tested. PY-ext showed the most potent activity among the extracts tested with 14.9 and 70.3% inhibition at 10 and 50 μg/mL, respectively ( Table 3 ). The result shows that the flowers of Prunus plants possess anti-oxidative activities.
We then focused on the extract with the most potent inhibitory activity on tyrosinase and suppression of melanogenesis. The most potent plant in melanogenesis suppression was P. yedoensis, but the raw flowers were not commercially available and we were unable to obtain enough material for investigation. Therefore we investigated the extract of P. persica, which possessed potent inhibitory activity on tyrosinase. Active principles involved in the inhibitory activity of tyrosinase and suppression of melanin production were isolated by fractionation of the MeOH extract. The tyrosinase inhibitory activities and suppression of melanogenesis produced by the different fractions are shown in Tables 4 and 5. The active principles were concentrated in the EtOAc soluble fraction in both assays. Thus this fraction was further purified to determine the active components using various liquid chromatography techniques.
The isolated compounds were determined as afzelin (3-O-α-Lrhamnosylkaempferol, 1) [5c] and naringenin (2); this is the first isolation of these from PP-ext. Compound 2 was found as the active principle responsible for the inhibitory activity on tyrosinase and suppression of melanogenesis, while 1 suppressed melanogenesis.
A second tyrosinase inhibitory compound was isolated, along with compound 1, but could not be characterized due to its unstable nature. Compound 1 showed weak suppression of melanogenesis (46.5% at 1 mM). In addition, 2 showed an IC 50 value of 308 μM for suppression of melanogenesis, and 22.9% for tyrosinase inhibitory activity at 1 mM. These activities do not reflect the activity of the extract and other active compounds probably exist. The anti-melanogenesis effect of 1 has not been investigated so far. However, 2 has been reported to possess a melanogenesis activating effect promoting the protein producing cascade. In order to reveal the molecular target of 1 and to solve the disagreement with previous reports, the molecular targets for melanogenesis were investigated. As shown Figure 1, 1 and 2 suppressed α-MSH induced expression of tyrosinase in B16 cells at 250 μM.
In a previous report, 2 was shown to possess α-MSH like effects that increased the expression level of tyrosinase on untreated B16 cells at 100 μM [5d]. The reason for this discrepancy might be attributed to the difference of the experimental methods. The previous report investigated the effect of 2 on mature B16 cells, while we investigated the suppression effect on the high melanin content induced by α-MSH. Thus 2 might possess both suppression and promotion effects on melanogenesis depending on the concentrations of cellular melanin, namely 2 suppresses melanogenesis when melanin concentration is high, while it promotes melanogenesis when melanin concentration is low. Thus 2 could have a melanin controlling effect, which might be useful for protection from photo-aging in a moderate manner. This selectivity would be attractive for an anti-photoaging agent.
In a series of Western blot analyses, 1 and 2 suppressed the expression level of Mitf (microphthalmia-associated transcription factor, Figure 2) . Mitf is widely recognized as the most critical transcription factor for the biosynthesis of tyrosinase protein. These data suggest that both compounds affect the expression of Mitf and Skin-whitening agents from Prunus species Natural Product Communications Vol. 9 (2) 2014 187 Each value for melanin content represents the mean ± S.D. of triplicates. **; Statistically significant in comparison with control group at p <0.01. ¶ ¶ ; Statistically significant to the value of vehicle control group at p <0.01. control the expression of tyrosinase at its protein level. Mitf is regulated by the upstream proteins and then the levels of related proteins were investigated. Compounds 1 and 2 inhibited phosphorylation of p38 MAPK (mitogen-activated protein kinase), while other proteins remained unchanged compared with the property of α-MSH, which strongly promoted melanogenesis. From these results, 1 and 2 suppress melanogenesis by interfering with the p38 MAPK pathway, but not either the Erk or S6K pathways. In order to determine the protein in the upper stream, the expression levels of MKK (dual specificity mitogen-activated protein kinase kinase) 6 and phosphorylation of MKK3/MKK6 were investigated. However, the expression levels of these proteins were too low to be detected by Western blot (data not shown). In addition, 1 and 2 slightly suppressed the expression of Akt (protein kinase B, Figure  3 ). The expression of Akt is known to promote various protein biosyntheses. These results suggest that 1 and 2 are new types of skinwhitening agents which inhibit melanogenesis by suppressing the tyrosinase level and also the melanin level itself. These findings are novel for these two compounds and provide important information for the further study on the melanogenesis signaling pathway. In addition, the target of the two compounds may be an ideal one for the inhibition of melanogenesis since they were of natural origin.
In conclusion, the flowers of Prunus species were found to be a novel source for a skin-whitening agent, along with leaves and barks. The active principles of the most potent material, the flowers of P. persica, were investigated. Afzelin (compound 1) and naringenin (compound 2) were identified as active principles and their preliminary modes of action were revealed. Both compounds showed inhibition of the p38 MAPK pathway, but not either Erk or S6K, to express the anti-tyrosinase production activities. Furthermore, both compounds inhibited the expression level of Akt, which might lead to the inhibition of melanin synthesis. These results suggest that P. persica flowers are a candidate for a promising and ideal skin-whitening agent. In spite of its potent skinwhitening effect, the plant has been used as a strong purgative agent. The appropriate application route must be considered in order to apply it to humans. Further investigation of the melanogenesis pathway is now underway in our laboratory.
Experimental

Prunus plants and preparation of extracts:
The flowers of P. persica, P. amygdalus and P. mume were purchased from Tochimoto Tenkaido (Osaka, Japan). The flowers of P. yedoensis and P. ameniaca were collected in the Garden of Medicinal Plants at Kinki University. Voucher specimens were deposited at the Faculty of Pharmacy, Kinki University. Plant samples were pulverized with a blender and 100 g of powder was macerated with 1 L of 50% ethanol (EtOH). The suspension was refluxed for 1 h and then filtered. To the residue, the manipulation was repeated and the combined filtrate was evaporated under reduced pressure. The residue was lyophilized to obtain 50% EtOH extracts. The yields were as follows: P. persica; 25.0% (PP-ext), P. yedoensis; 32.8% (PY-ext), P. amygdalus; 29.0% (PAY-ext), P. ameniaca; 41.0% (PAM-ext) and P. mume; 33.0% (PM-ext).
Anti-tyrosinase activity:
Anti-tyrosinase activity was evaluated by the method reported previously [6a] with optimization for the utility of a 96-well plate. To the sample solution of 50 μL in 5% DMSO in phosphate buffered saline (PBS), 0.03% L-DOPA solution (50 μL) in PBS was mixed and incubated for 10 min at 25ºC. After incubation, 50 μL tyrosinase solution in PBS was added and incubated for 5 min at 25ºC. After incubation, the optical density at 475 nm of the reaction mixture was measured with a microplate reader. The inhibition (%) was determined as the percentage compared with the control group. Kojic acid was used as a reference compound.
